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Abstract
The nitrogen oxides (NO and NO2, collectively known as NOx) are among the major 
air pollutants monitored because of the risks they pose to human health and as indirect 
contributors to global climate change (Domine and Shepson 2002). They are ubiquitous 
products of combustion engines and other industrial processes, and are therefore typically 
considered to arise from anthropogenic sources, particularly at urban centers (NO2 is 
responsible for the orange smog seen over certain cities during and following rush hour traffi  c). 
However, many recent observational research missions have shown a clear correlation between 
aqueous nitrate ion content in marine and alpine snowpack environments with the levels of 
NO2, NO, and ozone (O3) present in those areas (Dassau et al 2002, Honrath et al 1999, Helmig 
2009). Subsequent laboratory studies (Honrath 2000, Bock and Jacobi 2010) have indicated that 
the photolysis (reaction with UV radiation, such as sunlight) of aqueous NO3
-
 produces these 
gases through a complex network of reactions, a small subset of which are shown in Figure 1. 
This indicates that atmospheric models, particularly for predicting more pristine environments 
Figure 1: A small subset of the many possible reactions in wet environments at the Earth’s surface 
following the photolysis of nitrate ion (NO3
-). Radicals like OH and HONO play an important role, 
but can be diffi cult to monitor directly because they are highly reactive. NO, NO2, and O3 are all 
monitored at MCNP.
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such as at Mammoth Cave National Park 
(MCNP), will need to account for this 
natural source of NOx and O3. Because the 
park is far from major snowfall areas and is 
not near any marine sources, studies done 
here can focus on the impact of nitrate 
in vegetation and soil sources, or from 
remnant precipitation, all of which are then 
exposed to sunlight.
The atmospheric monitoring station at 
Mammoth Cave National Park constantly 
monitors tropospheric levels of nitrogen 
oxides, ozone, and other gases, while also 
logging weather and particulate matter 
records. Because recent work by other 
investigators has indicated that nitrate 
photolysis is a major source of nitrogen 
oxides and ozone in the troposphere, 
we are mining the available data for 
correlations of these compounds with 
solar irradiance, precipitation, wind 
direction, and particulate matter. Although 
a weak correlation is found overall, strong 
correlations are found over the course of 
many single days between solar irradiance 
and NOx levels. Two notable examples are 
seen in Figure 2. In each plot, total NOx 
levels are plotted as a function of solar 
irradiance, but on a double logarithmic 
scale. In some cases, short-lived events may 
increase observed NOx levels in a way that 
is not consistent with a solar-irradiance 
eff ect. The correlation constants are, 
for certain days, extremely high, while 
for others, the slope changes drastically 
at specifi c times, leading to a reduced 
correlation. Moving forward, our work 
will seek days following snowfall, where 
snow is still available on the ground, but 
solar irradiance is high. An increased NOx 
production on such days will be further 
evidence that nitrate ion photolysis is a 
Figure 2: NOx levels as a function of solar irradiance (log-log scale) for two different days in January 
of 2011. On the left, the relationship between NOx and solar irradiance is relatively consistent. On 
the right, a single event drives NOx levels high temporarily.
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major source of NO and NO2, but will also 
help to determine the extent to which the 
snow itself is responsible for the changes 
seen by other investigators. By identifying 
the extent to which nitrate photolysis 
is connected to precipitation and light 
cycles, we improve our ability to monitor 
large-scale changes to climate due to NOx 
levels, and we are better able to separate 
natural and anthropogenic sources of these 
pollutants.
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